Studies of crowding in lower animals repeatedly demonstrate that compressed living conditions depress the ability of the species to reproduce. In a sample of 470 urban Toronto women we examined the effect of neighborhood and household crowding on the probability of a pregnancy and on the probability that any given product of the pregnancy will not survive until one year o f age. Crowding did not influence fertility nor fetal and infant survival within the range o f crowding found in this sample. If crowding has any influence on reproduction it would more profitably be investigated beyond the range of living density and housing markets found in North American urban areas. 
In the study reported here, we examine the effect of crowding on human reproduction, using as the unit of analysis the married female (with husband present) of childbearing age (under age 45) who has had at least one child. Moreover, we examine the effect of crowding on: ( 1) probability of pregnancy and (2 ) the probability that any given pregnancy will not result in a child that survives until one year of age.
The Effects of Crowding
Crowding refers to the condition where people must engage in verbal and non-verbal communication and accommodate the movements and activities of others more or less constantly in the course of their daily lives. The intense interaction needed to carry out such rudimen tary activities as preparing and eating meals, cleaning, tending children, and watching television puts the crowded female, more than the uncrowded one, in the position of competing for the use of space and facilities, being the object of competing demands from spouse and children, and becoming involved in the more strained aspects of intimate relations, such as disciplining children. The strains of household crowding may be exacerbated if the female also lives in a crowded neighborhood. When she leaves the house to shop, travel, or find recreation, extensive communication and accom modation, frequently with strangers whose intentions are unknown, remains a necessity.
The frequent thwarting of household and family activities may overload the senses so as to place the female under more or less con stant stress. While humans are adept in handling intermittent or mild stress, they are not well equipped to cope with stress which is intense or prolonged. Hans Selye (1956) has termed the non-specific adap tive reaction to stress the "general adaption syndrome" and detailed the tripartite response leading to structural damage or disease. Such disease would affect the female's ability to conceive. Moreover, while evidence is far from complete, a comprehensive review of research suggests that stress may directly influence uterine dysfunc tion: stress has been linked to suppressed menstruation cycles, bleeding between periods, excessive vaginal discharges (Gibbons, . ■ 1961.) Furthermore, crowding may indirectly affect the number of ' pregnancies by influencing contraceptive practices, frequency of in tercourse, and family-planning decisions. The lack of space in the household may act to retard the decisions to have more children. This is of particular importance when housing with more ample space is either unavailable (Felson and Solaun, 1975) or residential mobility is prevented by economic or ethnic and racial obstacles. Once a pregnancy has occurred, stress may affect the ability of the uterus to hold and nurture the fetus for the full term (Gibbons, 1961) . Crowded conditions may also influence the mother's decision to have , an induced abortion. Finally, poor maternal endowment stemming ^ from stress-related disease or uterine dysfunction, or the effect of a ' congestion-related stressful home environment may adversely in fluence the ability of the infant to survive the first year. On the other hand, if, as some have argued (Hawley, 1972) , the frequent interaction associated with dense living conditions enhances I opportunities for access to supportive relationships and other resources, the number of pregnancies and fetal and infant survival * should be the same or better than those in uncrowded settings. To : test these alternative hypotheses on the effect of crowded conditions, ' we compared the pregnancy histories of crowded and uncrowded " mothers. Using multiple regression analysis we are able to control * for a number of other variables which have been shown to be related to reproduction.
Data and Methods
r The data for the study came from a stratified probability sample of families in 13 Toronto tracts selected for their potential in yielding a i large number of families residing in dwellings in which the number of 4 people exceeded the number of rooms.1 They were also selected for $ the range of compressed neighborhood conditions represented. | Population per residential acre averaged from 40 in some tracts to 150 in others. Some individual acres exceeded 600 people. While not ' The proportions of such households ranged from 12 to 28 percent of the units in the selected tracts. In some cases the number of people exceeded the number of rooms by ;• as many as two and three times. high by world standards, such densities are typical of the majority of cities in North America.
All of the households in the tracts were enumerated and screened. The population sampled was intact white families of Euro pean or North American descent with one or more children, the female of which was under 45 years of age, residing in their present dwelling unit for a period of at least three months. The sample was further stratified so that the number of families residing in dwellings which had one or more persons per room was nearly equal to the number which had fewer people than rooms. By such stratification we were able to control for a number of extraneous factors and, at the same time, to maximize variation in crowded conditions. Nearly 17,000 screening interviews yielded 862 eligible households. In 560 of these we were able to obtain interviews with one or both of the parents for a 65 percent completion rate.2 The data for this study comes from the 470 wives who were interviewed in detail regarding each of their pregnancies, use of contraceptives, and sexual behavior. To obtain an indication of their overall health profile they were asked to undergo a physical examination at a near by community health center. Two hundred ninety-four women were examined.3 The majority (80 percent) of the household heads were normally employed in blue-collar occupations, typically ones requir ing only modest skills. Only 23 percent had completed high school; however, more than half had finished eighth grade. Thus, the sample is basically one of women in blue-collar families. 2Of the 302 in which interviews could not be obtained: 72 were too ill to be inter viewed; 76 refused to be interviewed; and 214 did not speak English well enough to complete the interview. A comparison of the characteristics of those from whom we obtained interviews with those we did not revealed that the two groups were similar with respect to occupational status, age of the head of the household, and length of residence in their present dwelling unit. The major difference was that many in the lat ter group had migrated from Western Europe. 3To determine whether or not families that consented to be examined differed from those who did not in some way that would bias our results, we systematically com pared the two groups with respect to crowding, health information obtained during the interview, and demographic characteristics. Those who received physical examination had slightly higher socioeconomic status, but in all other respects were the same as those who did not. As socioeconomic status was controlled in our analysis, we have eliminated it as a source of bias in any findings,
The Independent Variables
Dwelling-unit density and household crowding do not always occur ; together. One might live in a crowded household in a low-density neighborhood (Watts is a good example of this combination), a set-> ting of low household crowding and high dwelling-unit concentration , (inner-city high-income apartment complexes), low household and dwelling-unit crowding (middle-class suburbia), or a high-density dwelling-unit and household combination (many slum areas). For this reason it was felt that our measures must reflect at least two dimensions: household and neighborhood crowding. Two household and two neighborhood crowding measures were constructed. One measure of household crowding consisted of the proportion of the respondent's adult years that she had resided in a household where the number of people exceeded the number of rooms. This figure, then, reflects the probability with which she lived in a crowded household during any given pregnancy. The probability of being crowded was used rather than actual conditions at the time of each pregnancy, because the method of recording the data did not permit time matching the two variables.
Because having a child obviously increases the number of people in the household and therefore crowding, we devised a second in dicator of household crowding which removes this people compo nent. We termed it the "rooms deficit" measure. It was constructed by regressing the number of rooms on the number of people in three categories: children, parents, and other relatives and non-kin. There by, a predicted number of rooms is derived for each household com position type. The rooms-deficit measure consists of the predicted number of rooms minus the actual number. The independence of the measure from the number of people in the household gives the index an advantage over people per room in studies where the number of people may be a contaminating factor (Johnson et al., 1974 ). Just such contamination may account for the positive association between crowding and fertility found in other studies (Galle et al., 1972) . Un fortunately, because of the way in which the data were collected, the rooms-deficit measure could only be used to analyze reproduction in the three years immediately preceeding the interview. However, more than one-third of the women in the sample reported one or more pregnancies in that period, thus providing enough variability in the dependent variable to test the effect of crowding on fertility (but not pregnancy outcomes) using the rooms-deficit measure. However, we do surmount the time-matching problem associated with the other crowding measures.
The two measures of neighborhood crowding consisted of: (1) the proportion of the respondent's adult years that she resided in a household that was contained in a multiple-dwelling structure (e.g., row house, low rise, high rise, etc.), and (2 ) the proportion of the female's adult years that she resided in a city with a population ex ceeding 500,000. The information for these two measures of crowding was obtained from a residential history provided by the respondent.
Dependent Variables
Two dependent variables are used: the first, pregnancy outcomes as reflected by fetal and infant mortality; and the second, the number of pregnancies. During the interview, each woman was asked to give the history of each one of her pregnancies. From this account, the probability of the result of any pregnancy not surviving through age one was computed for each woman. This total infant and fetal mor tality rate was separated into four additive sources of non-survival: the induced abortion rate, the spontaneous abortion rate, proportion stillborn, and proportion dying in the First year of life. These four totaled to the proportion of the results of any pregnancy not alive one year after birth.
A measure of fertility was computed by summing the number of pregnancies each woman reported in her reproductive history. This measure was not converted into a pregnancy rate because controls for number of years with present spouse and prior marriage in the regression analysis effectively remove the impact of years of sexual activity on the number of pregnancies.
For purposes of analyzing the effect of the rooms deficit measure, the fertility variable was constructed as follows. If the woman had a pregnancy in the three years preceding the interview, the variable was coded one; otherwise it was coded zero. Women with more than one pregnancy in the time period were also coded one. Thus, the variable reflects the probability of having at least one pregnancy in the three-year time interval.
Four intervening variables related to the probability of becom ing pregnant were also assessed and their relation to crowding analyzed. These variables reflect the processes through which crowding may affect behavior. Intercourse frequency was indicated by the woman's report of the number of times she had intercourse in the month preceding the interview. An index of contraceptive effec tiveness was developed from the woman's report of the kinds of con traceptives she had used. Each contraceptive was assigned a number ranked on the basis of its use effectiveness per 100 woman-years of exposure (Peterson, 1969:191) , and an average effectiveness rating was computed for each woman, based on the contraceptives she reported using. The higher the index score, the more effective the contraception. It is a crude measure, since it is not known how long each contraceptive was used, but it gives a general indication of con traception effectiveness. An indication of unprotected intercourse for those reporting contraceptive use was also obtained. Women were asked about the number of times in their reproductive history that contraceptive use was stopped for reasons other than current pregnancy. Finally, the variable used to assess the mother's health was the presence of disease which was based on information obtained by interview and examination by a nurse and a physician, and data based on tests of urine and blood samples taken at the time of the ex amination. The medical center staff had no information about the families' household or neighborhood conditions which might bias [heir examination.
Control Variables
Seven control variables are employed throughout the analysis to ad just dependent variable means for differences reflecting demo graphic, socioeconomic, and other background differences that may be sources of spuriousness. Husband's occupational status is measured using Blishen's (1967) socioeconomic index. The ethnic origins of the husband and wife are controlled as an ordinal measure of degree of foreign birth and recent ancestry. The wife's educational attainment, the number of years she has lived with her current spouse, and whether she had been previously married are also in-:luded as controls. Finally, the religious affiliation of the wife Catholic or non-Catholic) is included.
Analysis Method
Multiple regression analysis is used to derive the mean of the depen dent variable for each category of the independent variable while ad justing for the effect of the controls (Cohen, 1968; Andrews et al., 1967) . The crowding measures are treated as dummy variables and categorized into three and four levels of crowding.
Findings
The percentage of life failures due to induced and spontaneous abor tion, stillbirth, and death in the first year of life as is total mortality from conception to the age one are shown in Table 1 . Of the 1902 reported pregnancies, 11.4 percent did result in an infant that sur vived through the first year of life.
Comparison of total mortality and mortality by cause for pregnancies to women with different histories of crowding fails to reveal any significant effect of any of the three crowding measures on mortality. The only statistically component is the effect on the in duced abortion rate of living in multiple dwellings. Women living between 75 and 100 percent of their adult life in a multiple dwellings report a slightly higher rate of induced abortions than those spending less time in multiple dwellings. However, this increment had no ap preciable effect on the overall mortality rate.
Examination of the patterns fails to reveal any overall pattern of relationships supporting the hypothesis. In the 15 relationships between crowding and the five mortality measures, only seven are consistent with the idea that higher mortality is associated with com pressed living conditions. In short, this sample of pregnancy histories gives no support to the hypothesis that human crowding has a signifi cant impact on fetal and infant mortality.
Next, we examine the contention that crowded living may affect reproduction by reducing the number of conceptions. In Table 2 There is better theoretical basis for expecting household crowding to affect fertility as the linkages to the intervening variables are more direct. In Table 3 , the adjusted proportion of women with a recent pregnancy and the intervening variables are related to four levels of rooms deficit. Neither the proportion with a recent pregnancy nor the intervening variables even approach statistical significance. Nor was the directionality of effects consis tent with hypotheses that rooms deficits systematically influence reproduction. Findings with this crowding measure parallels those with the neighborhood-and community-crowding indicators. No support for any relationship between fertility or the intervening variables affecting conception and crowding is found.
Discussion
The pattern of findings clearly provides no support for the idea that crowded living conditions depress reproduction within the range of community, neighborhood, and household density found in our sam ple. Neither do they provide evidence that living in crowded environs may have beneficial effects on fetal and infant survival chances. If crowded conditions have any effects on these variables in human populations, they either occur at levels of density considerably greater than that range normally found in Canadian and American communities or only when there are rapid increments in compressed living conditions. However, measurement difficulties continue to complicate detection of effects and may also be a basis for some of the negative findings reported. Histories of reproduction and crowding in crosssectional studies rely on retrospective reports than may introduce systematic or add random error into the analysis. This is particularly problematic when relying on self-report histories of contraceptive use and coital frequency.4 The negligible relation of these in- While the extensive controls for major structural and socioecotomic differences in households reduces spuriousness, other variibles causing crowding conditions may be present. For example, arsons living in multiple dwelling units most of their lives may have ended to self-select such housing forms for reasons also affecting eproduction. The failure to replicate the Felson and Solaun (1975) inding of a household-density effect on fertility may reflect dif ferences in the housing markets in Bogota and Toronto. Felson and Solaun contend that the lack of available housing with ample space for large families causes families living in small apartments to restrict their fertility, since the option of moving to larger quarters is lot available. We are not able to assess directly the relative tightness if the Toronto housing market, particularly the one available to peo ple with modest or low incomes. We are confident that the market in most North American urban areas is not as tight as in most Latin American urban settings. The only data we have to bear on this topic is information on moving plans and desires. In 39 percent of the louseholds, the respondent indicated plans to move in the next two ^ears. Of those with moving plans, 37 percent gave a reason related :o lack of space or crowding. Dissatisfaction with the amount of ivailable space as a factor in decisions to move found in other North \merican urban areas (Rossi, 1955; Simmons, 1968 ) is replicated lere. While one-third of the sample have moving plans, two-thirds 68 percent) of those who do not have such plans would like to move n the next two years-36 percent for space reasons. This disirepancy between expectations and desires to move indicates the iresence of constraints on residential mobility that could induce the irocesses described by Felson and Solaun (1975) . Failure to detect iny effects on the fertility variables questions the efficacy of such an xplanation in the types of markets found in North American urban ireas.
rhese measures were only modestly associated with fertility in our data, although the orrelations were in the expected direction.
Finally, the persistent potential bias introduced by past fertility on measures of household crowding are difficult to estimate ade quately without resorting to extensive longitudinal studies or quasiexperimental approaches (Felson and Solaun, 1975) . These short comings common to cross-sectional surveys are not sufficiently serious to produce the complete absence of crowding impact found in this study if the actual effects of density on reproduction in the pop ulation were substantial. Failure to detect any consistent effects sug gests that the probability of compact living conditions having more than very modest effects on fertility and infant and fetal mortality is quite low.
While the findings from this study cannot be used to dismiss once and for all the possibility that the crowding effects on reproduc tion found among animals is paralleled in human populations, they can serve to establish the direction of future research efforts in this area. These findings suggest that future inquiries may be more fruit ful if carried out in populations where the range and level of en vironmental density exceed those found in North American com munities. Failure to detect effects within the range of variation found in our study may suggest that the living environment is not suf ficiently dense to produce the deleterious effects noted in animal studies.
Moreover, our findings relating crowding to reproduction are consistent with the results of the larger study of which this is a part. Crowding was found to have impact on only a few of the large number of human health and behavior variables examined (Booth and Cowell, 1976) . And then, the effect was primarily among persons whose experience with living in compressed living conditions was very limited. For most dependent measures, no crowding impact was detected.
Finally, we caution future researchers examining the impact of household density on fertility using cross-sectional studies of the methodological problem requiring the separation of crowding effects from those of household size. New measures, such as the roomsdeficit approach used here, are necessary to advance the precision of the research in this area.
Sum m ary
Study of the impact of crowding histories on early fetal and infant mortality and fertility in a sample of Canadian women failed to find any systematic relationship among these measures. The persistent finding in animal studies of an impact of crowding in reproduction is not confirmed for human populations.
